Since new information necessary for innovation mainly comes from the outside a firm, it is essential that the firm should innitially obtain such information, and then integrate it with indigenous resources for innovation owned by the firm. During these two processes, it is needless to say that Information and Communication Technology (ICT) has important roles to play. The research questions of this study are to examine how internal innovation capability, such as the technological level and R&D (Research and Development), contributes to the innovation and how it is promoted by ICT use. Using the survey data of about 650 Small Medium Enterprises (SMEs) from all over Japan, this study constructs two models with ICT or without ICT and focuses on how Structural Equation Modeling (SEMs) obtain information from external linkages and the role of ICT in the innovation process. SEM is employed to show the causality among factors to promote innovation. The estimation results show that (i) top management is important to promote innovation; (ii) SMEs use two channels to connect to external linkages with and without ICT; and (iii) ICT is the basis of other factors which promote innovation.
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I. INTRODUCTION
The emergence of the information economy triggered by information and communication technology (ICT) , and furthermore, the transition to the knowledge economy are not unique to Japan; SMEs have realized that common global structural changes have been going on. However, various SMEs in Europe and the U.S. have taken the role of inducing such changes themselves.
Venture companies in the IT and biotech industries, for example, are specific representative of these SMEs. They are destroying existing business models and creating new products and services, a phenomenon aptly called 'creative destruction'. SMEs in Japan, on the other hand, can be said to be victims of this process instead of innovators. In the midst of such rapid and turbulent changes, it goes without saying that sustained innovation is required to regain vitality and, furthermore, growth.
In our main research, onsite surveys of SMEs inside and outside Japan, questionnaire surveys, and literature reviews have been conducted thus far, in order to identify the need to foster innovation by SMEs and answer the question of how innovations are produced. This paper seeks to construct a new theory on SME innovation by reviewing and comprehending findings and knowledge obtained to date, from a unified perspective. Conventional research on innovation, in general, has focused thematically on individual factors such as absorptive capability, R&D, and open innovation. While this approach has its advantages, it is critical to research innovation as a single process from a broad perspective and framework. This analyzes how SMEs acquire new information and ideas as the source of innovation; how they organize and conduct R&D to integrate these ideas with management resources within the firm; and finally, how they produce the concrete output of these steps that lead to the development of new products. Our research especially seeks to answer what elements are needed in this process, and how they should be combined and be made mutually supporting.
Another research question is placed in the role of ICT in the innovation process, as the importance of ICT was already mentioned. In the age of the information society, ICT can contribute to the above innovation process by (i) aiding the firm to obtain related information from outside via the transaction networks with customers and suppliers, and via research networks such as universities research networks; (ii) sharing information for innovation with relevant R&D sections and employees inside the firm; and (iii) shortening the R&D process by concurrent engineering. The RQs of the study are to examine how ICT contributes to the innovation of SMEs as well as what factors promote ICT use. In particular, this study attempts to construct two models of the SME innovation process, to identify factors that promote innovation and examine how ICT use affects internal capacity by a rigorous statistical method focusing on the causal relationship between innovation factors.
With these questions in mind, the paper is structured as follows to shed light on the mechanisms of innovation in SMEs. In the next section, related literature is surveyed, and Section 3 provides hypotheses to be examined. In Section 4 data obtained by the questionnaire and the first R&D model for analysis is presented. Section 5 shows the results by SEM. The second ICT model and the estimation results are discussed in Section 6. The discussions on the results of two models are provided in Section 7, and the last section offers a conclusion.
II. LITERATURE REVIEW
As new information required for innovation is produced outside the firm (Chesbrough, 2003) , how the firm handles the information is critical. Cohen and Levintal (1990) and Zahra and George (2002) consider the innovation process as a learning process, which consists of absorbing new information, integrating the information with management resources within the company, converting the information, and delivering new products and services to the market. They emphasize absorptive capability as being critical for innovation and divide it into potential capability and realized capability. Mariano and Pilar (2005) expand absorptive capability by including communication with external parties, know-how and experience within the organization, diversity and multiplicity of the knowledge structure, and strategic positioning. For analysis, many experts examined the cause-and-effect relationships between a variety of factors and capabilities (Lawson and Samson, 2001; Perdomo-Ortiza, Benitob and Galendeb, 2009) .
A critical concept today for advancing innovation is R&D. Like innovation, a great amount of diverse studies on R&D has been carried out. The reason is that R&D is risky, and its high rate of failure has drawn the interest of management scholars from the start (Booz, Allen, and Hamilton, 1982; Crawford, 1987; Cooper, 2001; Nadia, 2011) . Based on such research, many guidebooks and textbooks on R&D have been published, for example by Crawford (1987 Crawford ( , 1997 , Smith and Reinertsen (1998), Cooper (2001) , and Kahn (2013) . In general, the R&D process is divided into processes such as conception of ideas, selection for commercial application, development, prototyping, and commercialization (Booz et al., 1982) .
Previous research has mainly addressed R&D from the perspective of organizational theory. Those studies focused on areas such as acquisition of new information through the R&D organization, sharing of the information between members, and the conversion of the information to knowledge, and furthermore, from tacit knowledge to explicit knowledge. Accordingly, two roles are considered critical in the R&D process: the gatekeeper, the key person who incorporates new information, and the transformers, who convert the acquired information into knowledge and transmits it to members in the organization (Freeman, 1979; Tsuji, Idota, Ueki, Shigeno, & Bunno, 2016) . To smoothly convey information, trustworthiness between R&D members is a prerequisite (Leven & Cross, 2004; Colquitt & Rodell, 2011) . Many of these discussions on R&D consider R&D's success or failure as the outcome of their analyses. However, in this paper the essence of R&D is not the focus. Instead its relationship to the outcome of R&D in the innovation process is analyzed.
The effect of ICT use on productivity has become one of the research objectives, and it was widely agreed that ICT is an effective measure to improve the productivity of the firm through appropriate management of human capital and organizational structure (Brynjolfsson & Hitt, 2000; Brynjolfsson & Saunders, 2009 ). Moreover, ICT was viewed as an effective tool for innovation. However, it was not clarified yet how ICT use enhances innovation activity, or how it promotes other internal innovation capacity or R&D.
III. ESTABLISHMENT OF HYPOTHESES
From the above discussions, the following hypotheses to be tested are set forth. First, for manager-based innovation, it is assumed that in addition to producing direct innovation with technical abilities possessed by the manager himself or herself, the manager demonstrates leadership in the innovation-related organization within the firm. In such case, rather than expressing autocratic power, the manager's leadership has qualities such as nurturing the organization and personnel, and coordinating between members and organizations (Greenleaf, 1977) . This paper assumes two channels, the transaction channel and the intellectual channel, for external linkages, which are the sources of ideas for innovation. The following two hypotheses regarding the channels are posed:
H3:
The transaction channel increases the internal innovation capability and R&D capability of SMEs. H4: The intellectual channel increases the internal innovation capability and R&D capability of SMEs.
Next, incorporating the results of our research on internal innovation capability and R&D, this paper assumes that information from external linkages increases internal innovation capability, and, as a result, R&D is stimulated. The following hypotheses are set forth:
H5: Internal innovation capability stimulates R&D. H6: R&D elevates innovation.
Finally, we integrate the above hypotheses and set forth the following hypothesis.
H7: External linkages promote innovation in SMEs.
The next section develops models to test these hypotheses.
IV. DATA AND ANALYTICAL MODEL A. Questionnaire survey
This model is based on the survey conducted in February 2012. In general, a survey is conducted to verify hypothesis. However, the data already obtained was used, and the questionnaire was similar to verify the above hypotheses. The samples were selected as follows: from the lists of Teikoku Data Bank, 3,959 firms were selected from the manufacturing, construction, information and communications, and service industries. The criteria of the selection was that sample firms had to satisfy the following conditions: (i) unlisted; (ii) the number of employees is more than 20, (iii) earning positive profits in the recent three terms, that is, one and a half year, and (iv) the amount of sales is increasing. The reason for these limitations was to reduce the number of samples in the appropriate size. The valid number of responses was 647, and the response rate was 16.2%. The summary statistics is shown in Table 1 . 
B. Construction of variables

Outcome variable
We took the number of achieved innovation in the questionnaire as an outcome variable, namely respondents were asked whether they achieved innovation during 2006-2010. Particularly, QII.1 asked whether they supplied new product or service to the market, while QII.3 asked whether they introduced new production methods or new methods of marketing. The former was related to product innovation, and the latter to process innovation. Firms were asked to reply "yes" or "no." The number of positive replies was taken as a variable. More than two-thirds replied "yes" for product innovation, while more than half replied so for process innovation.
Top management
The ability of top management was not observable, and we asked questions related to the nature of this ability, which consisted of eight items. Each question required a reply using the five Likert scale from 5 to 1. Those were as follows:
QI. 
External linkages
QIV.
(1) asked the sources of information related to innovation such as transaction partners, organizations, universities, and respondents were required to reply "yes" or "no." If they replied "yes" to either buyer or seller, they were considered as obtaining information from transaction partners, while if they replied positively to university or public research institutions, they obtained from the intellectual channel. In either case, the number of the positive replies was taken as a value of the variable.
Internal innovation capability (i) Technology
Internal innovation capability consists of various factors, but the numbers of replies to the questions related to those factors were small and significant variables were not extracted. Therefore, we focused on questions related to technology, since it is closely related to innovation. Then, QIII.1 asked whether the following questions hold true to your firm, contained questions related to the technological level of firms, which were as follows:
QIII. We applied factor analysis to these questions by using the same method as before, and the result of factor analysis is shown in Table 3 .
According to the result of factor analysis, one latent variable was extracted, which consists of "QIII.1.5 Received technical proposals from the other firms" and "QIII.1.7 Collaboration with alliance firms in common strong domain of each other." The latent variable from these questions was referred to as "Technology," In particular; QIII.5 implied the possibility that SMEs with the high technical level may be engaged in collaboration with larger firms to which SMEs supply parts and components. This may correspond to SMEs' innovation of improvement-type.
(ii) R&D characteristics R&D has two characteristics such as R&D organizational structure and R&D implementation, and we began with discussing the former. The R&D organizational structure was asked in question "QIII.2. To what extent the following items are true for your firm." To eight related questions, factor analysis was similarly applied, and the results are shown in Table 4 . The first factor extracted contained "QIII.2.1 Decision making is speedy", "QIII.2.2 Give responsibility and authority to R&D department", and "QIII.2.3 Team members discuss the agenda with each other freely". Particularly, QIII.2.2 was related to decentralization and autonomy of R&D units. From our field research, it was observed that the speed of decision making is a merit of SMEs. From these, it followed that the latent variable from these observation was referred to as "R&D structure."
Previous literature also discussed about autonomy and found autonomy as a variable to elevate innovation from Japanese data, whereas Argyres and Silverman (2004) and Lerner and Wulf (2007) claimed that centralization in R&D organizations is better to pursue innovation in terms of efficient allocation of resources and coping with shifts of technologies, markets, and other environments over R&D. This study supports the autonomy as a factor promoting innovation.
"QIII.2.3: Team members discuss the agenda with each other freely" is related to another important nature of R&D, which is mutual understanding and confidence among members in the process of the diffusion of information and knowledge, which is emphasized by Szulanski, Cappetta, and Jensen (2004) , Leven and Cross (2004) , and Colquitt and Rodell (2011) .
To identify another factor related to R&D, QIII. (1) Factor analysis was also applied for these questions, and results were summarized in Table 5 . The first factor consisted of "QIII.1.3. R&D is directly connected to new product and service", "QIII.1.2: Basic research and R&D are coordinated", and "QIII.1.1: The ideas of the new product and service often are create inside the firm." These factors indicated the direction and performance of R&D and accordingly the latent variables based on these observed variables was referred to as "R&D implementation." This variable, in other words, indicated whether actual R&D leads to achieve innovation, which is an essential question to R&D and various previous papers has also analyzed that (Leonard-Barton, 1988；Iansiti, 1998 . The organizational arrangement or environment to achieve "QIII.1.1: The ideas of the new products and services often are created inside the firm" has been analyzed widely (Sundgren, Dimenas, Gustafsson, & Selart, 2005) .
V. ESTIMATION OF R&D MODEL
A. R&D model
The model with additional internal innovation capability is determined by the R&D model. By this addition, the mode contains two sub-process related to internal innovation capabilities as well as R&D, which could lead to more detailed analysis of SMEs' innovation process. The path diagram is expressed in Figure 3 and the estimation results of the direct effect are summarized in Table 7 . The fitness of the model is shown in Table 8 .
Path diagram and standardized direct effect
The R&D model adds one variable, which indicates the latent variable of "technology," as well as the firm's technological ability to collaborate with external linkages. As already explained, mother companies may not accept SMEs as subcontractors, if they do not have sufficient technological capability. Since all definition and contents of the latent variables are already explained, the remaining issue is related to the cause-and-effect relationship among the latent variables. It must be identified which variables are causes and which are results. The path diagram and the estimation results of standardized direct effect are shown in Figure 1 and Table 6 , respectively.
At first, the path diagram of the R&D model shows the following interesting observations: 
(i) Top management
Three paths from top management to two R&D latent variables and innovation are positively significant. This implies that top management plays an essential role in the R&D model. This shows that these paths are reflection of the innovation of top management-type. This also explains why the path to "technology" is not significant; in this type of innovation, owner (top management) is also an engineer and he/she directly contributes to innovation.
(ii) Transaction channel
The path from transaction partner is positively significant to "R&D structure," but not so to "R&D implementation." This implies that through the transaction channel which is based on the supply chain, information related to constructing R&D units or the framework of R&D units in a concrete way is transferred to SMEs.
(iii) Intellectual channel
The paths from university/research institutions which are positively significant are found to "technology" as well as to "R&D implementation," which are positively significant. This is a bit different from the transaction channel, implying that through the intellectual channel, information related to cutting-edge technology directly affects not only to the level of technology of SME but also to the orientation or direction of "R&D implementation." The former is reasonable since SMEs can learn the latest technology from university laboratories, which elevate the technological ability and then change the direction of R&D. Moreover, one path from university/ research institutions provides indirect effect to "R&D structure" through "technology," indicating the level of technology determines the R&D organizational structure. In other words, it shows that the higher the level of technology will creates more sophisticated or advanced R&D.
Causal relationship
The latent variable of technology is found to be the first among all latent variables due to the results of SEM. It is technology that SEMs have to elevate to connect with external linkages. This indicates that the level of technology is the most important, which leads to R&D. The causal relationship is not vice versa. These are the same results as our previous studies (Tsuji, Ueki, Idota, & Akematsu 2013) . This is also consistent with observations from our field research.
Fitness of model
The fitness of the SEM model is shown in Table  7 which is determined by GFI (goodness-of-fit index) and AGFI (adjusted goodness-of-fit index) which take the value between 0 and 1 indicating criteria of the explanatory power of the model. If GFI ≥ AGFI and both indices are 0.9 or more, Table 8 shows standardized total effects, which show all related paths are positively significant.
Total effect and verification of hypotheses
Regarding hypotheses stated earlier, all effects from top management and external linkages are positively significant, which is demonstrated by H3 and H4. As explained earlier, technology activates two categories of R&D, implying H5 is verified. Finally since two categories of R&D enhance innovation, this demonstrates H6. Accordingly, external linkages are verified to promote innovation, which H7 is demonstrating.
VI. ESTIMATION OF ICT MODEL
A. ICT model
The purpose of the section is to examine the role of ICT in the innovation process, and ICT is one factor of internal innovation capability. In so doing, one more latent variable named ICT is introduced in the previous mode of R&D model, which is referred to as the ICT model. On the other hand, to make analysis as simple as possible, particularly to make the pass diagram simple, the latent variable of top management is deleted.
The questionnaire contains questions on ICT use related to innovation which were asked in QV. These questions required replies to the five Likert scale from 5 to 1 and the data is also summarized in Table 1 . The method of constructing the latent variable related to ICT, instead of factor analysis, the SEM model can calculate it automatically in case the questions to use are already determined. The latent variable is termed "ICT." Therefore, the ICT model expands the previous R&D model by adding one more latent variable. Accordingly, the purpose of the ICT model is to examine whether ICT contributes to SMEs' innovation and how ICT relates to other latent variables of the internal innovation capability, that is, the causality among the latent variables.
Since in this model, the roles of ICT with respect to the external linkages is emphasized, top management as an internal sources of idea is not analyzed. Then the hypotheses to be verified are as follows: 
B. Estimation results
The framework of the ICT model is basically the same as the previous model, and estimation results are summarized in Figure 2 and Table 9 ; the former shows the path diagram, while the latter the estimation results of the direct effect. Regarding the sources of ideas, top management is erased, because of (i) emphasizing the roles of ICT in terms of connecting the external linkages through transaction and intellectual channels, (ii) comparing the results of the R&D model, and (iii) maintaining the simplicity of analysis.
From the results, the following characteristics of ICT roles in the innovation process are observed.
Roles of ICT use
Basic results are similar to the previous model regarding the latent variables used in the previous R&D model, but great changes are found in paths from "ICT" to all other latent variables such as "technology," "R&D structure," "R&D implementation," and "innovation," implying that ICT plays important roles in the innovation process. It also follows from Table 9 that ICT directly promotes innovation. Through ICT, SMEs obtain information on innovation from the two categories of external linkages such as transaction and intellectual channels. There are other direct paths from "transaction partners" to "technology" and from "university/research institutions" to "R&D implementation," indicating that SMEs obtain information via face-to-face communications. Therefore, SMEs can make use of two channels with or without ICT for innovation. Table 9 particularly shows that ICT is located first in the innovation process, which indicates it is an origin affecting other factors of innovation. In this sense, it can be said that ICT is the most important part in the internal innovation capability.
Connectivity
There are two paths from external linkages to ICT which affect other latent variables, which is already mentioned. This indicates that in addition to the paths from the external linkages identified in the R&D model, SMEs possess other routes which connect to external linkages via "ICT." It is reasonable for ICT to create new tools for the external linkages. However, there is one difference from the paths of the R&D model; the path from "university/research institution" to "technology" does not exist. On the other hand, a new path from "technology" to "R&D implementation" appears. That is, "ICT" takes over the direct channel from "university/research institution" to "technology" but it creates a new path which indirectly connects from "university/ research institution" to "R&D implementation." Note: ***, **, and * indicate the significance level of 1, 5, 10%, respectively.
Fitness of the ICT model
The test statistics of the fitness of the model is shown in Table 10 implying all tests are satisfied as well.
Total effect and verification of hypothesis
Again, the standardizing total effects are shown in Table 11 . All latent variables are positively significant to innovation in which ICT has the second largest coefficient next to R&D implementation.
Regarding hypothesis, since the transaction and intellectual channels have positively significant paths to ICT and R&D, this demonstrates HICT1 and HICT2. The paths from ICT and technology have been positively significant to two R&D latent variables, implying HICT3 is verified. Two latent variables related to R&D are positively significant to "innovation", which indicated that R&D elevates innovation and then satisfies HICT4. Finally, from these it follows that external linkage enhances innovation, which is demonstrated by HICT5.
VII. DISCUSSIONS
This study, thus far, uses two models of how SMEs obtain information outside the firm, integrate it with domestic resources they own, and achieve innovation. In these two models, the hypotheses proposed are verified. Here in this section, by comparing the conclusions obtained in this paper with those of previous papers, we clarify the characteristics of the models. First, regarding top management-type of innovation, the conclusions we obtained are similar to those of our previous studies and other literature. Since Schumpeter, innovators who were full of venture spirit to take risks and challenges for innovation as prerequisite for the theory of innovation. This study, on the other hand, does not assume a priori that all managers behave in this way, but we successfully verified from data that top management played the role as innovators in the innovation process. Second, this study demonstrates that, in two channels such as transaction and intellectual, R&D's contents and effects to innovation are different. In particular, from the transaction channel, the autonomy of R&D organizations and mutual understanding and confidence among related engineers in SMEs are found important, whereas in the intellectual channel, the level of technology and R&D orientation or implementation are essential. The connectivity to external linkages is similar to results obtained by other studies (Dyer & Nobeoka, 2000; Todo, Matous, & Inoue, 2016; Tsuji et al, 2016) . However, this study is a bit different from others in the context of organization and structure to achieve better performances. Some of the variables listed in the questions shown in Table 4 Other studies emphasized cross-functional teams as well as quality control (QC) (Tsuji et al., 2016 , Tsuji, Idota, Ueki, Shigeno, & Bunno, 2018 . Award scheme provides incentives (Lerner & Wulf, 2007) , while employment scheme provides job rotations, promotion, and wages and salaries. These differences are considered due to the framework of this study such that R&D is examined in the whole process of innovation from the origins of ideas to the final outcome of innovation. On the other hand, others focused and emphasized particular or individual issues. It is required for us to improve questionnaire or analytical tools.
In the R&D model, it is technology that absorbs new information owned by external linkages, and technology in the context is one of internal innovation capability. In this sense, innovation is achieved by absorbing new information and transforming it to knowledge by R&D and sharing among members. R&D does not necessarily enhance technology. Therefore, this study demonstrates that our fundamental causality in the innovation process such as external linkages → internal innovation capability → R&D → innovation is still valid. In two channels, the level of technology as an internal innovation capability is essential and with absorptive capability SMEs can obtain new information (Cohen & Levinthal, 1990; Tsuji et al. 2013 , Tsuji et al. 2016 ).
Regarding the role of ICT in the innovation process, this study obtains more important effect of ICT, namely ICT not only directly but also indirectly contributes to innovation, and ICT is essential to innovation since it is located first in the innovation process. The role of ICT seems to be emphasized greater than it was expected by the earlier literature such as Brynjolfsson and Hitt (2000) and Brynjolfsson and Saunders (2009) .
VIII. CONCLUSION
The characteristics of this paper lie in the facts on which we based our field research, the models are constructed to verify how actual innovation and R&D are conducted in SMEs and the essential factors for achieving them are. As a result, we obtain some different results from those of previous papers. This study, however, owns some limitations which are to be solved by future analysis. They are as follows: (i) this paper cannot identify gate keepers or transformers which previous papers aimed to identify; (ii) further studies have to focus on the transforming information to knowledge, bridging the technology and market, combining basic and applied R&D, and nurturing human resources to contribute to these; and (iii) this study verified the importance of ICT in the innovation process, but it did not fully examine how ICT connects SMEs and other external linkages, or how ICT can share information and collaborate personnel in the different sections.
Another requirement for further study should be focused on policy, which is not discussed here in detail. Our in-depth interviews found that instead of large amounts of subsidies, SMEs want small subsidies to support investment in new fields which include funds for supporting consortiums for applications of new technologies, exhibitions in the trade shows, and human resource development (HRD) and so on. Some SMEs can own specific technologies, but due to human resources and financial capability, they cannot complete them as forms of final products. The above policies assist SMEs to stimulate their innovation. The amount of funds offered by policy does not matter, and targets of supporting policies are much more important.
